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SPARK PLUG MOUNTED THICK FILM STRAIN GAUGE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation-in-part of patent 
application U.S. Serial No. 09/799,362 filed March 5, 2001, which application 
is presently pending. 

TECHNICAL FIELD 

The present invention relates generally to strain gauges and more 
specifically to a spark plug mounted thick film strain gauge that allows the 
pressure in an engine cylinder to be monitored. 

BACKGROUND OF THE INVENTION 

A strain gauge mounted to a spark plug shell yields an excellent 
representation of the engine cylinder pressure with high signal-to-noise ratio. 
However, commercial strain gauges have a gauge factor of approximately 2. A 
gauge factor of 2 will provide a typical signal level of only a few microvolts. 
Using a commercially available strain gauge would require a very high degree of 
amplification. Strain gauges fabricated from thick-film resistors have gauge 
factors of between 10 to 20, which produces a signal level which is 5 to 10 
times greater than commercially available strain gauges. 

What remains in the art is a spark plug mounted thick film strain 
gauge which provides a higher magnitude of electrical signal than that of 
commercially available strain gauges. 

SUMMARY OF THE INVENTION 

The present invention is a spark plug mounted thick film strain 
gauge which requires less amplification than that of the prior art. The thick film 
strain gauge is applied to a metal (ie., stainless steel) shell of a spark plug. 



2 

There are two preferable ways of applying a thick film strain gauge to the metal 
shell in axial and circumferential orientations. In a first embodiment, a thick 
film resistor may be directly printed onto the metal shell with special screen 
printing equipment. Each layer of the thick film resistor is printed, allowed to 
5 dry, and fired in a kiln to fix the ink to the metal shell, or the previous layer. In 
a second embodiment, a thick film resistor is printed and applied as a decal to 
"'• the metal shell. The spark plug is then fired in a kiln to fix the thick film 
resistor to the metal shell. 

The thick film resistors may be included in a quarter, a half, or a 

10 full wheatstone bridge strain gauge circuit. A single thick film resistor is used 
in a quarter wheatstone bridge circuit; two thick film resistors are used in a half 
wheatstone bridge circuit; and four thick film resistors are used in a full 
wheatstone bridge circuit. The full wheatstone bridge circuit offers a signal 
output which is multiplied by as much as four times, and the half wheatstone 

15 bridge circuit offers a signal output which is multiplied by as much as two 

times, the output of the quarter wheatsone bridge circuit. With a full wheatstone 
bridge circuit, four thick film resistors must be applied to the metal shell. 

An automatic drift compensating circuit is used to monitor the 
change in resistance experienced by the thick film resistors affixed to the spark 

20 plug. The automatic drift compensating circuit includes an input amplifier, a 
compensating amplifier and an output amplifier. The output of the wheatstone 
bridge circuit is input to the input amplifier. The output of the input amplifier is 
input to the compensation amplifier. The output of the input amplifier and the 
compensation amplifier is input to the output amplifier. The output amplifier 

25 outputs a voltage signal which is proportional to the pressure changes occurring 
inside the engine cylinder into which the spark plug has been threaded. A 
second embodiment of an automatic drift compensating circuit includes a first 
input amplifier, a second input amplifier, and an output amplifier. The output of 
the wheatstone bridge circuit is input into the first and second input amplifiers. 

30 The outputs of the first and second input amplifier are input into the output 
amplifier. 



Accordingly, it is an object of the present invention to provide a 
spark plug mounted thick film strain gauge which provides a higher magnitude 
electrical signal than commercially available strain gauges. 

This and additional objects, features and advantages of the 
present invention will become clearer from the following specification of a 
preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an axial cross-sectional view of a spark plug with a 
thick film resistor strain gauge attached to a metal shell thereof. 

Figure 2 is a cross-sectional view of a spark plug, seen as in line 
2-2 of Figure 1, now depicting four thick film resistor strain gauges attached to 
the metal shell. 

Figure 3A is a schematic diagram of a quarter wheatstone bridge 
circuit used to measure strain of a spark plug. 

Figure 3B is a schematic diagram of a half wheatstone bridge 
circuit used to measure strain of a spark plug. 

Figure 3C is a schematic diagram of a full wheatstone bridge 
circuit used to measure strain of a spark plug. 

Figure 4A is a schematic diagram of an automatic drift 
compensation circuit used to measure strain of a spark plug. 

Figure 4B is a schematic diagram of a second embodiment of an 
automatic drift compensation circuit used to measure strain of a spark plug. 

Figure 5 is an example of a graphical display of an output of the 
thick film resistor strain gauge according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the Drawings, Figure 1 shows an axial cross- 
sectional view of a spark plug 10 with a thick film strain gauge 12 attached to a 
metal (ie., stainless steel) shell 14 thereof. The spark plug 10 further has a 
ceramic cylinder 16 which locates a positive electrode. The metal shell 14 



tightly engirds a portion of the ceramic cylinder 16, wherein a threaded portion 
of the metal shell carries the negative electrode. 

There are two preferable ways of applying a thick film strain 
gauge 12 to the metal shell 14. In a first embodiment, one or more thick film 
resistors may be directly printed on to the metal shell 14 with special screen 
printing equipment. Preferably, the thick film resistors are formed on the metal 
shell 14 by the following process. Firstly, two dielectric layers are printed, 
dried, and fired on the metal shell 14. Then, a conductor layer is printed, dried, 
and fired on the last dielectric layer. Finally, a piezoresistor ink is printed, 
dried, and fired on the conductor layer. In a second embodiment, at least one 
thick film resistor is printed and applied as a decal to the metal shell 14. The 
spark plug is then fired in a kiln to fix the thick film resistor to the metal shell. 

With reference to Figure 2, two axial thick film resistors 18a and 
two hoop thick film resistors 18b are affixed to the metal shell 14, using one or 
the other of the above affixment methods. The two axial thick film resistors 18a 
measure axial strain of the spark plug 10 induced by engine cylinder combustion 
pressure. The two hoop thick film resistors 18b measure hoop strain of the 
spark plug 10 induced by engine cylinder combustion pressure. The two axial 
and hoop thick film resistors are respectively shown in Figure 2 as being 
mutually opposed. However, the position of the thick film resistors on the metal 
shell 14, or the relative position of the thick film resistors with respect to each 
other, is depicted merely by way of example and not by way of limitation. 
Further, four axial thick film resistors may also be used instead having two axial 
thick film resistors and two hoop thick film resistors. 

With reference to Figures 3 A through 3C, the thick film resistors 
may be included in a quarter, a half, or a full wheatstone bridge strain gauge 
circuit. While it is obvious, it is instructive to point out that in the wheatstone 
bridge circuit, only the thick film resistors serve as strain transducers, the 
regular resistors not serving as strain transducers and are used to balance the 
quarter and half wheatstone bridge circuits. 



A quarter wheatstone bridge circuit 20 is depicted at Figure 3 A, 
and includes three regular resistors Ri, R 2 , R3 and one thick film resistor Gi. A 
half wheatstone bridge circuit 22 is depicted at Figure 3B, and includes two 
regular resistors Ru, R12 and two thick film resistors Gn, Gi 2 . A full 
wheatstone bridge circuit 24 is depicted at Figure 3C 5 and includes four thick 
film resistors G 2 i, G 22 , G 23 , G 24 . The wheatstone full bridge circuit 24 offers a 
signal output which is multiplied by as much as four times, and the half 
wheatstone bridge circuit 22 offers a signal output which is multiplied by as 
much as two times, over that of the quarter wheatstone bridge circuit 20. Of 
course, a consideration is that the full wheatstone bridge circuit involves 
affixment of four thick film resistors to the spark plug 10. 

An automatic drift compensating circuit 26, shown at Figure 4A, 
is used to determine the change in resistance experienced by the thick film 
resistors affixed to the spark plug 10 due to strain. The thick film resistors are 
part of a quarter, half or full wheatsone bridge ciruit 20, 22, 24, as described 
above. The automatic drift compensating circuit 26 includes an input amplifier 
28, a compensating amplifier 30, and an output amplifier 32. The voltage input 
V s to the wheatsone bridge circuit is adjusted by a potentiometer 36. 

In operation, the output of a quarter, half, or full wheatstone 
bridge 20, 22, 24 is input to the input amplifier 28 which is in the form of an 
instrumentation amplifier, which generally consists of two or three operational 
amplifiers in a manner which is well known in the art. The output of the input 
amplifier 28 is input to the compensation amplifier 30 and the output amplifier 
32. The input amplifier is supplied with a reference voltage VJ2 which 
establishes a quiescent output voltage of the input amplifier as equal to V s /2. 
The compensation amplifier 30 is configured as a unity-gain follower. Voltage 
Vi is input to the compensation amplifier 30 and filtered by resistor R 0 i and 
capacitor C 0 i. The compensation amplifier 30 outputs a voltage V 2 which is 
input to the positive terminal of the output amplifier 32. The input 
potentiometer 36 is used to balance voltage Vi to voltage V 2 such that Vi = V 2 
V s /2. The voltage V 2 is filtered by resistor R02 and capacitor Cq 2 . 



6 



The output amplifier 32 is configured as a differential amplifier. 
The voltage Vi is input to the negative terminal of the output amplifier 32 
through input resistor Rm- Gain resistor R g provides the output amplifier 32 
with an output voltage of V 3 . Offset resistor Roffset is adjusted such that V 3 = 
5 V s /10 when the pressure inside the engine cylinder is equal to zero. The 

variation in voltage signal is used, such as for example via a display 38 (ie., a 
memory oscilloscope) to monitor the pressure readings inside the engine 
cylinder without having a pressure sensor penetrating the cylinder. 

A second embodiment of an automatic drift compensating circuit 

10 40, shown at Figure 4B, may also be used to determine the change in resistance 
experienced by the thick film resistors affixed to the spark plug 10 due to strain. 
The thick film resistors are part of the quarter, half or full wheatsone bridge 
circuit 20, 22, 24, as described above. The automatic drift compensating circuit 
40 includes a first input amplifier 42, a second input amplifier 44, and an output 

15 amplifier 46. The voltage input V s to the wheatsone bridge circuit is adjusted by 
the potentiometer 36. 

In operation, the output of the quarter, half, or full wheatstone 
bridge 20, 22, 24 is input into the first input amplifier 42 and the second input 
amplifier 44 which are both in the form of an instrumentation amplifier, which 

20 generally consists of two or three operational amplifiers in a manner which is 
well known in the art. One input terminal of the second input amplifier 44 is 
filtered with resistor R03 and capacitor C03 and the other input terminal is 
filtered with resistor R 0 4 and capacitor C04. The first and second input 
amplifiers are supplied with a reference voltage VJ2 which establishes a 

25 quiescent output voltage of the input amplifiers as equal to Vs/2. 

A negative terminal of the output amplifier 46 is supplied by the 
output of the first input amplifier 42 through a resistor R^. The voltage V 2 ' is 
filtered by resistor R05 and capacitor C05. A positive terminal of the output 
amplifier 46 is supplied by the output of the second input amplifier 44 and 

30 voltage V s through offset potentiometer 48. The input potentiometer 36 is used 
to balance voltage VY to voltage V 2 ' such that W{ = V 2 ' = V s /2. 



The output amplifier 46 is configured as a differential amplifier. 
Gain resistor R g2 provides the output amplifier 46 with an output voltage of V 3 . 
Offset potentiometer 48 is adjusted such that V 3 ' = V s /10 when the pressure 
inside the engine cylinder is equal to zero. The variation in voltage signal is 
used, such as for example via a display 38 (ie„ a memory oscilloscope) to 
monitor the pressure readings inside the engine cylinder without having a 
pressure sensor penetrating the cylinder. 

Figure 5 depicts an example of a graphical output 50 of a display 
showing a combustion event, wherein the spark plug has a half wheatstone 
bridge circuit according to the present invention. The vertical axis is in volts, 
which corresponds to cylinder pressure (ie., psi, bars, etc.), and the horizontal 
axis is in seconds, which corresponds to crank angle at constant engine speed. 

To those skilled in the art to which this invention appertains, the 
above described preferred embodiment may be subject to change or 
modification. Such change or modification can be carried out without departing 
from the scope of the invention, which is intended to be limited only by the 
scope of the appended claims. 



